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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion memben joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like stiuctuit, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed t>y a suitable membrane, the device seals with the vessel wall to partially or completely occhide the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating IL 
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OCCLUSIM OF A VESSEL 

Badtarannd et tht hwiwttm 

FwM cf Ihii Invwitian 

Thi prasim mvution retatas OMmBy to the eeekision of i «twl ««ithh • patim, and nwre tpedfieally. 
to an apparatus and mathod of partiaBy or camplataly occluding a vassal 

liBssmiisjLiUti&Jekisiia 

Anemptj heratofora hava ban mado to trait oeekiiians in tho caratil anarias iaading to the bnii. 
Howravar, s;ich arteries have been very difficult to treat because of the psaitity of dblodDng plaque which can 
enter nrious arteriei vessels of the brain and cause permanent brain damage. Attempts to treat such ocdusians 
with balloon angioplasty have been vary linited because of such dangers. In surgical treemmu. such as 
andarterenomy, the carotid artery ii slit and pleque is mmeved from the vesaal in the slit area. Such surgcal 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplssty and in the treatment of peripheral arteries end veins, there is 
the possibilrtv that the guide wres end cethiters used in such procedures durmg deployment of the seme mey cause 
dislodganent of debris or emboli which can flow downstream end causa seiious demage. such as stroke, if they 
oeckide blood flow in smiler vesseb. Thus, in summary. emboGation end mtpration of miere«nbef downstream 
to an and sigan is a majgr concern of cardiologists during cathetarintions. 

Thnra a therefore need for new end improved appiratus and methods which make it possible to treat 
oeduded vassals without endangering the patient. 

Sommsfv of th» Imwuian 

The present mvention satisfias the need for a device that occludes a vessel, ei partinlar, a vessel in e 
patient unde-pong therapeutic or ether medical ueatment. Any one of a nmifaer of different eipension members 
era pmd to one or more elongate members such as hypotubas to ierm a device thet completely or partially ocdudes 
e vessel within a patient. The expansion mambat may be ulf-eipanding, it mey be expanded by engaging it with 
one of the elongate mambers. or it may be heated to cause It to expand. A nwnbrane prefneUy surrounds the 
expansion minter so that a tea! is rrade between the membrane and the vessel The periusion of blood b allewad 
if the membrane is perforated. Pertiel occlusion may be obtainad withort a mmbrane H e suitebb expensien 
member b chosen. In general, n one aspect of the present inventioa there b provided en epparatos and method 
thet can be used with approved diagnostic and therepeutic devices to reduce the chance of emboli migrating 
downstream. Atternathraly. the expaninn membef mey enchor an intravasculv device wHhin a vessel 

One embodiment of the present invention m e device for occkiding a vascular segment, ei which the device 
inekides en expansion member end first end second elongate menters. Tho frit ekingete membv engeges the 
upansion member, end the second ekmgata member surrounds the fint elongate timber, with the expension imn^r 
expending to occlude the vascular segment when one of the elongeta members b moved kingttudinelly. Tl» 
expansion member preferabhr inckjdes e braid, a col. a ribbon-fke stnieiure. e shitted tube, a phiraiity of ris or a 
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fittar-fikf mnh. The dttrice iniy tbo inciudi naiirial that adjoins the upaiuion membir for cmxvg . partial or 
total seal with the vascular 

In one particular embodiment the expansion mender b in an uneipanded state when it is surrounded by 
the aecimd eionoate member, but expands when the first elengate member b pushed through the secsnd elongate 
member. In enother embedimant, both the first and second elonBate members ere secured to the expansion menter. 
end the expansion member expands as the first etDngate member is retracted. 

Amither embodiment of the imreotion is a method of eceiudino a leorant whhtn a vessel which incktdes 
the step of inserting first end second elonoete members into the vessel to be oeduded (in which the first eleogate 
member adjoins an expension meniberl. folowed by the step of varying the position of at taut one of the eleogate 
members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embedimem. the vsryino «tep incbdu retraetino one of the elongate memberi and in another embodiment, the 
varying step comprises pushing one of the elongete members through the other elongate member. Inyet another 
method ef ocdudino a segment within a vessel an expansion member is inserted withh the vessel and the expansion 
member is heated to cause it to expand until the vessel is et least partially occluded. Heateig the expansion member 
may involve, for example, passing eleetneal eunent through it or passng wann solution over or neer it. 

Brief DescriptiBn ai thg pr«wipg. 

FIG. 1 is a sidft^levatioMl view h section of one embodiment ef e catheter apparatus incorporating the 
present invention for treating oeduded vessels. 

FIG. 2 is a sids-sievational view in section simiar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a sall-expandibla seal) deployed. 

FIG. 3 is I side^levational view in section of another embodiment of a catheter epparatus ineorporatng 
the present invention for treating oeduded vessels. 

FIG. 4 is a vBw similar to FIG. 3 but showing the expansion member (in ties case, a setf-expandeble seal) 

deployed. 

FIG. 5 is a sdiematic. longitudial cron sectional view of en embodimera in whtdi a membrane only 
partiallv lurrounds a braid used es the expansion metrtet. 

FIGS. 6A end 6B shew end views of unpeHorated and peHorated membranes, raspectively. 

FIG. 7 b a schematic, longitudinal cro« sectional view of en en^odiment in which a braid without t 
membrane b used. 

FIG. 8 is a uhematic. longitudinal cross sectional view of en embodiment in whidi a filter-like mesh b used 
as the expansion member. 

FIG. 9 b a sdiematic, longitudinal ooss sectional view of an embodiment n whidi e slotted tube b used 
es the expansion member. 

FIG. 10 b a perspective view of the slotted tube used in the embodinent of FIG. 9. 
MG. 1 1 b e sdiematic. lonoitudinal cross sectional view of en embodiment in which a coil b used es the 
expansion member, and the proximal end of a membrane surrounding the ceil adjoins the coil 
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FIG. 12 is a schematic. longituijinaJ cross ssctmat view of an embodiment in which a coi is used as the 
expansian member, and the proiimal end of a membrane surrounding the coil adjons a sheath that surrounds bolh 
first and second elongate memben. 

FIG. 12A B en embodiment simitar to that shown in FIG. 12. in which resistive heatng is used to expand 
the expansion member, with current being conducted through wres being anached to either side of the expansion 
member. The expension member as shown is partialy depleted. 

FIG. 12B is an embodiment simitar to that shown in HG. 12A, in which resistive heeting is used to expand 
the expansion member with current biing conducted through e wre being attached to the distal end of the expansion 
member end through e coetmg on the first elongate member. The expansion member as shown is partially deployed. 

FIG. 13 is B scherraiic. side cross sectional view of an embodiment in which a pluraity of ribbons are used 
as the expansion member. 

FIG. 13A is en embodiment similar to that shown in FIG. 13. in which a warm solution passes between 
the first end second elongate members to transfer heat to the expansion member, causing it to expand. The 
expansion member as shown is panialty deployed. 

FIG. 13B is an embodiment simiar to that shown in FIG. 13A. in which a warm solution passes through 
the first eiongete member to transfer heat to the expansion member, causing it to expand. The expansion member 
es shown is partially depbyed. 

FIG. 13C is en embodimem sinilar to that shown in FIGS. 13A and 138, in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing h to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of rfcs are used 
as the Bjpansion member. 

FIG. 15 is an tjometnc view of an embodimem of the invention in which e pull wire is used to deploy a 
plurality of non-setf -expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, undeployed poshion. 

FIG. 17 is a side elevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrami malies a seal with the vessel 

FIGS. ISA and IBB sfiow longrtudinal and end perspactrvo views, respectively, of e locking mechanism used 
with a wire thai deploys an expansion member. 

FIG. 19 is a perspectivB view of an ahemathre lacking mechanism used with a wire that deploys an 
expansnn member. 

FIGS. 20A. 20B. 20C, and 20D show, respectively, a braid, a filter iike mesh, a slotted tube, and e pkiretity 
of coiU, which can be used as alternative expansion members in place of the riibons in the embodimem of FIG. 15. 
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Bflitol DascriBtion of tt w Preferol bnbedinwmi 
The ezpinian tnmbms disansad bercin ndude braids, coils, ris, ribbon«ti struduru, slotted tubes, end 
fherJike meshes. Then ezpensien members may be partialy covered or eompieteir sufrounded by a membrane or 
other CDvering to provide oeeknon or sealing of the vesseL As used htin. -occkision" or "sealing", and the Ike, 
meen partial or complete blodcaga of fluid flow in a vascular segment, as it is sometimes preferable to aliovr 
perfusion. Moreover, such espansien members may be deployed by veiiem mechanical means, electrical meens or 
themiomechanicalmeans, etc, as described herein. Eipension members that are deployed mechanically are preferebty 
•spring-like" in nature, it. they era preferably resibent to facitate their deployment or retractioo. 
Cetheter Apparatuses and Seff-Eioandina Braid^ 

One embodiment of a catheter apparatus incorparatino the present invention for treeting occluded vesseb 
is shown in FigHres 1 and 2. As stnwn thereia the cetheter epperetus 651 consists of a flexible elongete member 
652 whch is provided with proximal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proxhial extremity and is provided with e Touhy-Borst fitting 657 which is et connunication with e large 
central lumen 656 extending from the proxioel extremity 653 to the distal extremity 654. An espiretion fittino 661 
is provided on the adapter 656 as wen es an irrigation fittng 662, both of which ere bi conenunication with the 
central kimen 658. However. H should be eppredated that if desired, separate kinans can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding seeing medansm 666 is mounted on the distal extrerafty 654. ThiTself-Txpendng seeing 
mechanian 666 can take any suitable form. For exemple, es shown it en consist of a brailed structure 667 formed 
of e suitable shape mmsrv meterial such *i a nickel titanum eltoy that wfl altnnpt to expand to a predetenimed 
shape mumory. Other than shape memory materials, other materials such as stainlen steel. Elgitoy"*. titanium or 
other materials can be utilized in the breld 667 as long as they have the capabiiitY of expendng when the self- 
expandng seal mechanism is ratsased. Alio it should be eppredated that the self-expanding seal mechanism 666 
can be comprised of an ebsorbent material whid» when it absorbs nfaie or Uood expands to form a seal Such 
seals can be readily accomplished beceuse it is only necessary to fom a seal of approximately 1.5 psi to prevent 
smell particles from moving downstream. 

In order to prevent ebrasion of e vessel, it is desirable to cow the brailed structure 667 with e covering 
668 of J suitable nateriel such as a poiymer or a biocempatUa coating which axtamis over the braided structure 
867 end which moves with the brailed structure 557 es it expands end contncts. The polymer cen be of e suitable 
material such as licone. C-ftox, polyethylene or PET whidi would fomi e good sealing ervagenent with the waU 
of the enery. The covering 668 mey be perforated to eUow perfusim. 

A mechanism is provided for compressing the self-flxpanding saaEng medunism 666 so that the apparatus 
can be inierted nto the vessel 481 and consists ol en elongate aleeve 771 havaig proxinel and distal extrenitias 
772 end 773 end e bore 774 extendino from the proxinal exuenity 772 to the distel extremity 773. A coMer 778 
is mounted on the proiinal enremity 772 of the sleeve 771 and is posinoned nnr the adapter 656. The collar 776 
serves as a mediansm for reiractmg the sleeve as shown m Figure 2 to uncover the self-expanding sealing 
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radnosm 668 ihu the catheter hu been deployed to pannit the seif-expudino «ulino nwcbanian 666 to expand 
end Icm a seal with the arterial vesMi adjacant the stenosis to be treated. 

Anothw anfaodifflent of a catheter apperetiis for treatint occluded veneb ineerporatno the present 
Biventlon is shewn in Figures 3 and 4. As shown therein, the apparatus 781 consists of a puidnB catheter 782 
bawio proxenal and distal eitrenniu 783 end 784. As shown, the distal utrwnty 784 ii provided with a pre- 
fonned bend of e conventional type. A conventional attachment 78S is mounted on the prexml eRrantty 783. 
Setf-eipandino smI mechanism 791 is mounted on the distal extremity 784 end is of the type hereinbefore deserlMd 
in connection with the embodimems shown in Figures I end 2. A sleeve 796 shdar to the slesve 771 of the 
previous embodiment is provided ei the present embodiment fm eneesino the self-espandioB seal mechanism 791 end 
for releesno the same after it has been diqiosed in en epprepriate posWen within a vessel edjecent the ocdusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extnmities 797 end 798 end heving e bore 
799 extending from the proiimel extremity to the distal extremity which is sized so that it can receive the guide 
eothater 782. It is provided with e coUer 801 on its proximal extreinty which is edepted to be disposed outside 
the petient and which is adapted to be grasped by the physician for puUing the sleeve 796 proximaHy to uncover 
the self-expanding seal 791 after the apparatus has been deptoyed to permit the self-expansion of the sealing 
mechanism 791 to form a seal with the vessel wall as shown h Figure 4. 

In accordance vnth the hereinbefore described descriptions, it is epparent that the epparatus can be reedily 
deployed and serve the same function as the main catheter. To accomplish this, the assembly 781 can be introduced 
into the fonoral artery end the distei extremity advanced into the desired location ei the erterial vesseL Aft» it 
has been propwty positioned, the physician can retract the sleeve 796 to permit the self-expending seal mechanism 
791 to txftia and to fomi e seal with the wail of the arterial vessel to occkxie the arterial vessel and intenupt 
the flow of blood in the vessel to provide s working spaea distal of the occlusion formed. This prevents smal 
particles which may thareifter be dislodged from moving downstream. Since e central kimen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in F«ures 1. 2. 
3 end 4. 

Ahhough the self-expanding seeling mechanism 666 (7911 can be deployed by retracting the sleeve 771 
(796) as previously described, the sealing mechanism cen else be deployed by pushing the flexlile elongate member 
652 (guiding catheter 7821 through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the sealing machsmsm 666 (79I|, if there is ittJe clearanca between the epparatus 6S1 (7811 and 
the vessel within which the epparatus resides, to reduce the risk of damaging the petient's vessel. As dbcussed 
below in connectnn with subsequent figures, the seeing mechanism 666 (7911 may alternatively conprise mentors 
such es e coi, e ribbon-like stniaure, e slotted tube, or e filter-Gke mesh. In uch cese. the seeing nBChanism 
expends to partially or completely ocdude the vusel in question, or ahamativ^, to anchor an iitrevaseuiar device 
to the vesseL 



WO»»/4J0S9 g PCT/US99/03544 

Another embodinmi uiing • braUid sttueturtis showmsehematicaBv in FIG. 5, n wMch a fiuibie elongne 
wmbar 20 it diipniil Mthin • Mcond atonoati mrnriiv 24 wch u a hypatube. A ult upandino nwehanism 28 
nch at a braidad itruetura a taurad to tha distal and of tht atongata mmbar 20. prafarabty within an indematien 
32 of mamber 20. Tha braidad ttiuctura 28 n onlr partialhr aneapsulatad by a prafafably alattomerie nwnbrant 
36 that mains a seal with tha patient's vatsal 40. (Altaraativaly, a eoatgig such as a polymeric coating may be 
used in pteea of tha mendiranas ditdoMd henin.) In thu and the ether embodmnts. adhesive may be used to 
seaire tHe salf-eipanding meehanisni 28 and the membrane 36 to the ehmgate meiiter 20. In the entodiment of 
RB. 5, the braidad stmcture 28 and nenbrane 36 are designed to be asymmetrical, with mora material being 
concentrited at tha pronrnl side of the structure 28. The braids of the embodiments disclosed heren may be 
stainless steel 304 or 400, superalastic or heat activated NitinoL en iron base shape memory alloy, or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for exenvle. by using standard equipment 
such as e braider. 

Although the embodiment of RG. 5 shows the fleiiile elongate member 20 comiected to a guidewira tb 
44. other technologies for guiding the device through the patient's vessel 40 may be used in this and tha other 
embodimints. such as a guidewire (either over the wire or single operator) or the eichange catheter method, as b 
wal known in tha art. Also, although not eipliciUy shown in the embodiiwnt of RG. 5 and the other ambodmnu 
heroin, tfnss eniiodimentt may inckide lumens, aspiration and irrigation fittings, and collars fke those ikistrated in 
FIGS. U. 

The membrane 36 is prefarably impervious to the fbw of blood (RG. Be) for those appRcations not riquring 
perfusion, although a perfoiatod membrane 36* (RG. 6b) bavino mimerous holes 37 therein iray be used in other 
applications to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter and 
miy faa iip to 80 microns or more in diameter to permit the passage of blood calls Inorainally 6-10 microns in 
diameter} through the membrane 36' while blocking kirper particulaies such as amfaolL Likewise, a perforated 
memhranu 36' may ba used in tha other embadinems diseased herein. Amithrombogenic coatings can be used (e4|.. 
heparin) to prevent thrombosis fomuiion. 

RG. 7 shows en embodiment n which a braided stmcture 50 is not anclosad by a membrane. When the 
braided structure SO comprises, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10.80 miaons, the braided suucture permits the passage of red bkiod eels, wlie btoeking the flow of matter that 
may be undesirable. e.g. emboli or other particulates that may be fanned or dislodged during medical procedures. 
Thus, this embodiment is well suited for eppkcations for which parfusion is required. 

Ahemathre seM-eipanding media are shown in RGS. 8 and 9. In RBS. 8 and 9. a salf upafldsiB filter^fike 
mesh 60 and a salf-espanding skitted tube 7Z respectively, are surrounded by e membrane 62 that u preferably 
elastomeric. The filter4ike mesh 60 (or slotted tube 72) and membrane 62 are bonled or otherwise secured to a 
flextte ekmgate member 64. B.g- to an indentation therein. As with the other seK-aspanding media disclosed herein, 
the filter^llkB mesh 60 (or sloned tube 72) expands from its uneipanded state when the flexible elongate member 
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64 k mutad through a second elongita nunbar 66. or .hornativBlv, when the second elongitt menkxr 66 
fetficted over the first elonoite irmber 64. The fitter-like mesh 60 (or ilened tube 72) then iipands so that the 
nwdirane 62 foims a seal with the surrotrndng vessel 68. A guidewire tv 70 aids in ouiding the device through 
the vessel 68. The filtr-Kke mesh 60 and slotted tube 72 ere of e suitable shape nwnory raterial suth as Nitinol 
Of O04 or 400) stainless steal The filler-lice mesh 60 is fibroui n nature, bemg ..newhat anatooous to steel wool. 
THa slotted tube 72 has a lattie»«ke appearance. The sionad tube 72 may be coiutructed, for example, by 
irradiatinB a thin-walad tube with a laser beam to form holes in th. tube in the shape of polmons such as ofaiong 
quadraaterals. An unexpended, slottad tube 74 is shown in FIG. 10. 

FIG. 1 1 IhistratBS another embodinent. in which a coil 80 serves as the self-expanding mechanism. The 
coil 89 may be intagrelly fomud with a frst etangate member 82 or be otherwise specially joined to h, c.g, by 
weiding or bramg th. col to the elongate member 82. The coil BO is surrounded by e m«<d>rane 84 that expands 
with the coil when it is pusb»l out of a second elongate member 86. or ekerrativBly. when the second eiongate 
member 86 is retracted from the coil 80. Thus, the membrane forms a seal with the surrounding vessel 90. The 
membrene 84 may be anached directly to the first elongate member 82, or to a member 88 such as a disk that is 
in turn secured to the cofl 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may ba anachad to the first ekingate member 82 or to the member 88, if one is used. 

An embodiment simiar to that shown in FIG. 11 is ikistrated n FIG. 1Z ii which the mendirane 84 is 
secured at the proximal end to a separata sheath 94. In this casa. the shath 04 end the first elongate menri>er 
82 are extended together over and through, respectively, the second elongale member 86. Assembly may require 
preloading the coil 80 through the distal end of the second dongete menter 86. 

Another embodiment that employs a self-expanding mediun a shown in FIG. 13, n wheh a pbrality of 
ribbons 100 make contact with a membrane 102 while they expaml to urge the membrane towards the wall of the 
vessel 104 where ft makes e seal. The riibons 100 of this embodiment are preferably secured to a first elongate 
tnamber 106 at both ends of the ribbons, by, for example, gknng them in pUca. The rUons may be 0.001-a004- 
X 1005-0.020- X 0.25.1.0- strips of Nitinol. stainkiu steel or E^|itoy« which expand when urged out of the snond 
elongate member 108. A guilewire tip 1 10 may be used for guiding the device through the vessel an! is preferably 
secured to the distal end of the firxt elongate member 106. 

FIG. 14 ikistretes an embodiment similar to the one in FIG. 13. in whch ribs 120 such as wees form e 
series of semicircular arcs when they expand. Th. ribs 120 are suirounded by a membrane 122 that expands with 
the ribj to fomi a seal with the vessel 124. The number of ri» 120 is preferebV at least three. The ribs 120 are 
prefers^tly attached dirutty to a first elongate member 124 that is surrounded by e second elongate member 126. 
The ribs 120 themselves are preferably made of a shape memory maieriil such as Nitinol or stainless steel A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other ssH-eipanding embodimems, the self-expending mechanism 100 {1201 is in an unexpended 
sute Kten enclosed by the second elongate member 108 (1261, and expands when pushed or puUed beyond the 
secand elongate member 108 (1261. 
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Won-««lt^wiriinB «nfaiiife|ifflt^ 

1 Hwt aetiwtMl emhdditiintt 

HBS. 12A and 12B Ihrnrati how alactriBal maaiu can be osad to genirata hoat to expand an ezpansnn 
mambar. A f irn alongata mmta 82' (and a coR BC wNch adjoins h. coU 80' and mamber 82' bang sMbr to thait 
unprimed eountarpam) a prefariUy made of heat aetwatad Nitinel an aon base shape mnwry alloy, or another 
material thet eipands when uposed to hut. As shown ei FIG. 12A, low profile, low resistivHy electrical lines 81 
and 83 preferably pass either through or elonp the second eiongete member 86 end are attached (a.g., soldered) to 
the first elongate member 82' on either side of the coil 80-. When current is appU through the eleetrical Snes 81 
and 83 (the power supply is net shown but b preferably outside the patient), the eoi 80' heats up through resistive 
heating, and the coil expands to urge the membrene 84 to contact the vassal waB 90. Alternatively, as shown n 
FIG. 12B, the first eiongete member 82' may have a eoatino 85 of gold or silver. In this embodinent, the coated 
aiengate member 82' is used to pass current (with most of the currant preferebly being arried by the coating 85, 
so that most of the energy b deposited in the col 801, with the dreuit being completed with a low rasistivhy wve 
87 that is preferably connected (e.g, soldered) to ehhw the second etengate member 86 or the sheath 84. Thb 
principle of resistwe heating to expand a expension member can be eppied to the other mbodiments disclosed herein 
as weU. 

RGS. 13A, 13B, and 13C fliustrete how heat transfer using a iquid can deploy en expansion manAer. The 
ribbons 1 00' ere preferebly made of heat aethrated Nhinol, an iron base shape mamory aioy.Tr another material that 
expends ivhen exposed to heat In the embodiment of FIG. 13A, e worm saKna solution 107 is passed between the 
first end second elongate members 106 and 108 and then over the mnditane 102, so that heat is transferred to 
the ribbons 100'. As the thbom 100' heat up. they expand, thereby urgino the meii*rane 102 against the vessel 
wan 104. As Bkmreted in RG. 13B, the warm sabne soknien 107 may siso be pessed through the first eionpete 
member 1 06 end then through holes 1 09 in member 1 06 so that the saKne solution 1 07 more directly transfers heat 
to the riblions 1O0'. In this entodimem. one or more holes 1 1 1 in the membrene 102 (distel to where the seal with 
the vessel well 104 is made) may be used to allow the saline solution 107 to flow ewey beyond the rbbons 100* 
after heat transfer to the ribbons occws. As Uustrated in HG. 13C, the saine sohition 107 may also be passed 
through one or mare closed loop coils or bmens 1 13 within the first eiongata mendier 106. fai this way. the ribbons 
100' end the patient's biood are not exposed directly to any solution. Using heat transfer can also be epplied to 
the other embodiments disclosed herein, provided the expansion member is suitebly constnteted. 

L MechanicallY d gpleved m#»B<lin^ ynti 

Cither non-seH-expandino seelino mechinisnu that can be used for ocduding e vessel are described below. 
In the embodinent of FIGS. 15-17, a iiist etongate member 140, preferably a pull wre, is (when the device is 
completely auembied) etuched to a brace member 144 that is in turn attached to a first reig menter 148. 
Adjoinino the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 is a membrene 160 thet forms a seal with the 
patient s vessel 182 when the rAbons ere upended. The membrane 160 u joined to et leest one end preferably 
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both Of the rmo menibert 148 and 152. Tin imniinn* 160 em ba ioimd to only one of the ring memfaor. 148 
and 152, for eiampie, when the meniirant 160 utonds far enaugh in the longhudinal daect«n to pemut the 
nwnbrane to nuke a pood teal with the msel 162 whan tha rtbons 156 are dapiorad. 

To auanAh tho davica, tha first and second ring nambara 148 and 152. the ribbons 156, and the 
nwBhrane 160 are plaeed as a unit aiound a second elongata mante 166, whid» has a pair of oppositely fadng 
hobs 170 and 172. The brace inainber 144 is inserted thnrngh the holes 170 and 172 and secured to both the 
Ml 140 and the first ring menter 148. Further, the second ring manbar 152 is secured to the second 
elonoate membar 166. This assembled eonfiguretian, with the ribbons 156 in their tangitudinsi orientation, is 
Amrated in FIG. 16. As Iktstreted n RG. 17. when the pull wire 140 is retracted, the ribbons 156 (shown in 
phentom) and the membrane 160 that surrounds them are urged towards the msel 1 6Z where the membranB makes 
a t«il with the waeL Tha ribbons 180 are preferably resibint enough so that they return to their longitudinal 
orientation when the pull wire 140 is reieasad. The elasticity and resiience af the pud wre 140 aba hdps the 
ffcbons 156 return to their undeptoyed configuration. A guidawire tip 171 may ba used to assist in pukiinp the 
device to the desired kication in tha vessel 162. 

A preferred way of retracting the pud wire 140 is shewn n HGS. 18A and 18B. FIG. 18A shows tha pull 
wire 140. which is anaehed to the brace member 144. A ntatabto handto 180 is attached to e toekaig mendier 
184 wiiich in turn is fastened to the puX wire 140. When the lockaig member 184 ctaars the second etangete 
member IBS within which it resales (which is preferably outakle tha patient), the tockeig n»nber end rotatabto 
handto ISO may be oriented es Ohistrated in FIG. 18B to keep the puB wire 140 taught, thereby preveming the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be mode of stsinless or nitnol 
and may have a diameter of 0.006-OJX18 inches, for a catheter having an Oi). of 0J)14-, for example. 

An alternative to the deploymem apparatus fflustrated n FIGS. 18A and 18B is shewn in FIG. 19. m which 
a hamfie member 190 is grasped by tha clinician to retract the puR wire 140, thereby deployina the seeing 
mechonism. Once extended, the seeing mechenism preferably has the tendency to return to iu undepbyad positioa 
which ei the process puds tha tul wire 140 back into the second ebnpate member 186. Thb can be prevented by 
insertinj » spacer member 194 between the handle member 190 and the sacand elongate menter 166. After the 
medical procedure a compbte. and ocdusion of the vessel b no kinger required, the spacer member 194 can be 
removed and the puU wire 140 end the suing mschsnbm returned to their respective undeployed positions. The 
device can then be removed from the petbnt. 

Although the prineipb of using a non-self «(panding mechanism has been Ibstrated ki FIGS. 15-17 with 
respect to deformabte ribbons, other non-self-eipindngmecbanami, as ikntratad m FIGS. 20A-20D, cen be emptoyad 
in eonjunctun with the brece member 144 end the first and second ring ncmbers 148 and 152. For aiample. 
uistead »f using riibons 1 58, a no«>-seH«ipending braided structure 200 can be used, n which the braided structure 
200 edjoins first end second ring mambrs 148 end 152 ami is covered with a mendirena 160 to form the unit 204 
shown 11 FIG. 20A. The unit 204 cen be used n eonjunctnn whh an elongate nrnfaer 166. e brace nwnber 144, 
a gubevrire tip 171, a first ebngata member 140 such as a puU wire, a rotatabb handte 180. and a baking member 
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184 to form a dena inalaoout to tha ribbon-basad deviea of RG. 15. Altamativelv. other maehanim can be used 
for acumo tha pull wka 140, such as a handia nmtov 190 and a apacar mambv 194. 

Othar Ron-nlt-aipandina maehaniam aueh as a fitar-fta mash 208. a slottad tube 212, and coils 216 can 
ba usad to fom ints 220, 230. and 240 anatogow to the braidtd ttiuetura unit 204 as shown in FIGS. 20B, 20C. 
and 200. Units 220. 230, and 240 can fkawita ba usad to construct dairiees analopous to tha ribbon-based device 
ikistratad in AGS, 15-19. Furthaf, if unit 204 is usad without a membrane, it may assist h blood perfusion if the 
brasted structure 200 is suiiablir constructed. Altemstively. periorated membranas lika membianu 36' of FIG. 68 
mar b« UMd to parait blood periusioa Ahhaugh tha ribbons 156. tha braided structure 200, the fOter-fke mesh 
2D8, the slotted tube 21Z and the coib 216 must be actively deployod (e.o. with a pull wire 140), they are 
navarthiitess sindar to their salf-«pandin0 countanarts. 

It shauU be understood that tha scope of tha present imrention is not be imited by the lustrations or the 
foragoinB description thereof, but ratiier by the eppended claims, and certein variations ani modifcations of this 
invention wiH suogest tiiemselves to one of ordinarY ski in the art. 
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WHAT tS CLAIMED IS : 

1. A devicB for ocduding a vascular sagmam, compnstng: 
an eipanuon mambar; and 

f irat and second elonoata mambers, wherein said first donoate member engaoes said tzpansion mambar and 
said second elongate member engipes said first ihuigate member, said eipansion member eipanding to at least 
partielv occkide the vascular segment when one of said elonoata members b moved longrtudinalY. 

2. The device of Claim \. further comprising e materiai that idjoins said expansion member for 
creatine) a ^ with the vascular segment. 

3. The device of Clakn 2. wharain said matariaf does not eomplBtety encapsulate said expansion 

member. 

4. The device of Claim 1, wherein said expansion member is a filter-Bee mesh ettached to an 
indentaiion withn said first elongate member. 

5. The device of Clarn 1. wherein said expansion mamber is in an unexpended state when it is 
surrounded by said second elongate member. 

6. Tha device of Claim 5, wherein said axpension member expands when said first elongate membw 
is pushed through said second elongate member. 

7. The device of Claim 5, wherein said expanshm member is self-expanding. 

8. The device of Claim 7. wherein said self-expanding member comprises a member selected from the 
group ccnsisting of a braid, a coi. a ribbon like structure, a slotted tube, e pkiraity of ribs and a fiter-lfte nash. 

9. The device of Claim 1. wherein said second etongste member is also secured to said expansion 



10. The device of CUim 8. wherein said expansion member expands as said first elongate mento is 

retracted. 

11. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consBting of a braid, a pkraltty of cois. a ribbon-fake stnictura. a slotted tube, and a fiter like mesh. 

12. The device of CUin 9. wheren said expension member expands as the rriative positbn of said 
first and second elongate members chenges. 

13. A method of occJudtng b segmani within a vcsset con^rising: 

insarting first snd second elongate members into the vessel wherein the first elongate mender adjons en 
expansion member; and 

varying the position of at least one of the elongate members so that the expansion meirter expends unti 
the mui b occkided. 

14. The method of Clakn 13, n which sakl verying step comprises reuacting one of the elongate 

members. 

15. The method of Claim 14. in which saki retracting one of the elongate mamfaers causes the 
expansion member to expand. 
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16. The method of CUim 14, in which the uparuion inmbir idioins both ■lonpete rmtrtes, and the 
relative poshion of the tloaoate membv t is varied to expend the expansion member untU the vuset is occluded. 

17. The method of Claim 11 in which said varyine step comprises pushtnp one of the elonoate 
members through the ether elongate member. 

18. The method of Claim 13. fudher comprisino: 
performing a medical procedure near the ocduded site; and 

retrievng the dor^aie members and the expansion member from the vessd. 

19. A method, comprising: 

inserting en expension member within the vessel; and 

heating the expansion member to cause it to expend untl the vessel is at least partially occluded. 

20. The method o1 Claim 19, in which the expansion member is comprised of e material selected from 
the group consoting of heal activated Nttinol and an iron base shepe memory alloy. 

21. The method of Claim 11 in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, in which uld heating the expension member comprises flowing mm 
sohition near the expansion member to hset up the expansion menter. 
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